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O 

^ (57) Abstract: This invention relates to the use of potent potassium channel blockers or a formulation thereof in the treatment of 
glaucoma and other conditions related to elevated intraocular pressure in the eye of a patient. This invention also relates to the use 
^ of such compounds to provide a neuroprotective effect to the eye of a mammalian species, particularly humans. 
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TITLE OF THE INVENTION 

NOVEL MAXI-K CHANNEL BLOCKERS, METHODS OF USE AND PROCESS 
FOR MAKING THE SAME 

This case claims the benefit of provisional application USSN 
60/389205, filed June 17, 2002. 

BACKGROUND OF THE INVENTION 

Glaucoma is a degenerative disease of the eye wherein the intraocular 
pressure is too high to pennit normal eye function. Damage eventually occurs to the 
optic nerve head, resulting in irreversible loss of visual function. If untreated, 
glaucoma may eventually lead to blindness. Elevated intraocular pressure or ocular 
hypertension, is now beKeved by the majority of ophthalmologists to represent the 
earliest phase in the onset of glaucoma. 

Many of the drugs formerly used to treat glaucoma proved 
unsatisfactory. The early methods of treating glaucoma employed pilocarpine and 
produced undesirable local effects that made this drug, though valuable, unsatisfactory 
as a first line drug. More recently, clinicians have noted that many P-adrenergic 
antagonists are effective in reducing intraocular pressure. While many of these agents 
are effective for this purpose, there exist some patients with whom this treatment is 
not effective or not sufficiently effective. Many of these agents also have other 
characteristics, e.g., membrane stabilizing activity, that become more apparent with 
increased doses and render them unacceptable for chronic ocular use and can also 
cause cardiovascular effects. 

Althou^^ pilocarpine and fi-adrenergic antagonists reduce intraocular 
pressure, none of these drugs manifests its action by inhibiting the enzyme carbonic 
anhydrase, and thus they do not take advantage of reducing the contribution to 
aqueous humor formation made by the^carbonic anhydrase pathway. 

Agents referred to as carbonic anhydrase inhibitors decrease the 
formation of aqueous humor by inhibiting the enzyme carbonic anhydrase. While 
such carbonic anhydrase inhibitors are now used to treat intraocular pressure by 
systemic and topical routes, current therapies using these agents, particularly those 
using systemic routes are still not without undesirable effects. Because carbonic 
anhydrase inhibitors have a profound effect m altering basic physiological processes, 
the avoidance of a systemic route of administration serves to diminish, if not entirely 
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eliminate, those side effects caused by inhibition of carbonic anhydrase such as 
metabolic acidosis, vomiting, numbness, tingling, general malaise and the like. 
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Topically effective carbonic anhydrase inhibitors are disclosed in U.S. Patent Nos. 
4,386,098; 4,416,890; 4,426,388; 4,668,697; 4.863,922; 4,797,413; 5,378,703, 
5,240.923 and 5,153,192. 

Prostaglandins and prostaglandin derivatives are also known to lower 
5 intraocular pressure. U.S. Patent 4,883,819 to Bito describes the use and synthesis of 
PGAs, PGBs and PGCs in reducing intraocular pressure. U.S. Patent 4,824,857 to 
Goh et al. describes the use and synthesis of PGD2 and derivatives thereof in lowering 
intraocular pressure including derivatives wherein C-10 is replaced with nitrogen. 
U.S. Patent 5,001,153 to Ueno et al, describes the use and synthesis of 13,14-dihydro- 
10 15-keto prostaglandins and prostaglandin derivatives to lower intraocular pressure. 
U.S. Patent 4,599,353 describes the use of eicosanoids and eicosanoid derivatives 
including prostaglandins and prostaglandin inhibitors in lowering intraocular pressure. 

Prostaglandin and prostaglandin derivatives lower intraocular pressure 
by increasing uveoscleral outflow. This is true for both the F type and A type of Pgs 
15 and hence presumably also for the B, C, D. E and J types of prostaglandins and 
derivatives thereof. A problem with using prostaglandin derivatives to lower 
intraocular pressure is that these compounds often induce an initial increase in 
intraocular pressure, can change the color of eye pigmentation and cause proliferation 
of some tissues surrounding the eye. 
20 As can be seen, there are several current therapies for treating 

glaucoma and elevated intraocular pressure, but the efficacy and the side effect 
profiles of these agents are not ideal. Recenfly potassium channel blockers were 
found to reduce intraocular pressure in the eye and therefore provide yet one more 
approach to the treatment of ocular hypertension and the degenerative ocular 
25 conditions related thereto. Blockage of potassium channels can diminish fluid 
secretion, and under some circumstances, increase smooth muscle contraction and 
would be expected to lower lOP and have neuroprotective effects in the eye. (see US 
Patent Nos. 5,573.758 and 5,925,342; Moore, et al., Invest. Ophthalmol. Vis. Sci 38, 
1997; WO 89/10757, WO94/28900. and WO 96/33719). 

SUMMARY OF THE INVENTION 

IWs invention relates to the use of the compounds in Table 1 below: 
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LoWrem N, 31-epimer 
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PaspalitremB Paspalitrem C 
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Shearinine C, I'-deoxy, V,2'-<lidehydRo,3-b6ta alcohol 
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paxilline, 3-acetyl 

4b-cleoxypaxilltne 




9-prenylpaxiiIine 

4b-deoxypaxilline, 3-acetyl 



or a pharmaceutically acceptable salt, enantiomer, diastereomer, tautomer or mixture 
thereof, as potent potassium chamiel blockers in the treatment of glaucoma and other 
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conditions which are related to elevated intraocular pressure in the eye of a patient 
Also encompassed by this invention is the use of such compounds to provide a 
neuroprotective effect to the eye of mammalian species, particularly humans. More 
particularly this invention relates to the treatment of glaucoma and ocular 
5 hypertension (elevated intraocular pressure) using the indole diterpene compounds 
mentioned above. 

This and other aspects of the invention will be realized upon review of 
the specification as a whole. 

10 DETAILED DESCRIPTION OF THE INVENTION 

In addition, the compounds disclosed herein may exist as 

tautomers and both tautomeric forms are intended to be encompassed by the 

scope of the invention, even though only one tautomeric structure is depicted. 

For example, any claim to compound A below is understood to include 

15 tautomeric structure B, and vice versa, as well as mixtures thereof. 




Also included within the scope of this invention are pharmaceutically 
acceptable salts or esters, where a basic or acidic group is present in the compounds 
20 listed above. 

An embodiment of this invention is a method for treating ocular 
hypertension and/or glaucoma which comprises administering to a patient in need of 
such treatment a therapeutically effective amount of a compound of Table 1 above. 

Another embodiment contemplates the method described above 
25 wherein the compounds are applied as a topical formulation. 

Yet another embodiment contemplates the method described above 
wherein the topical formulation is a solution or suspension. 

And yet another embodiment is the method described above, which 
comprises adn^nistering a second active ingredient, concurrently or consecutively, 
30 wherein the second active ingredient is an ocular hypotensive agmt selected from a P- 
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adrenergic blocking agent, adrenergic, agonist, a parasympathomimetic agent, a 
carbonic anhydrase inhibitor, EP4 agonist as disclosed in USSN 60/386.641, filed 
June 6, 2002 (Attorney Docket MCX)59PV), 60/421,402, filed October 25, 2002 
(Attorney Docket MC067PV), 60/457,700, filed March 26, 2003 (Attorney Docket 
5 MC080PV), 60/406,530, filed August 28, 2002 (Attorney Docket MC060PV) and 
PCX applications PCX 02/38039, filed November 27, 2002 and PCT 02/38040, filed 
November 27, 2002, all incorporated by reference in its entirety herein, and a 
prostaglandin or a prostaglandin derivative. 

Another embodiment is the method described above wherein the P- 
10 adrenergic blocking agent is timolol, levobunolol, carteolol, optipranolol, 

metapranolol or betaxolol; the parasympathomimetic agent is pilocarpine, carbachol, 
or phospholine iodide; adrenergic agonist is iopidine, brimonidine, epinephrine, or 
dipivephrin, the carbonic anhydrase inhibitor is dorzolamide, acetazolamide, 
metazolamide or brinzolamide; the prostaglandin is latanoprost or rescula, and the 
15 prostaglandin derivative is a hypotensive lipid derived firom PGF2a prostaglandins. 

A further embodiment is a method for treating macular edema or 
macular degeneration which comprises administering to a patient in need of such 
treatment a pharmaceutically effective amount of a compound in Table 1 above. 

Another embodiment is the method described above wherein the 
20 compound of Table 1 is applied as a topical formulation. 

Still another embodiment of this invention comprises administering a 
second active ingredient, concurrently or consecutively, wherein the second active 
ingredient is an ocular hypotensive agent selected from a P-adrenergic blocking agent, 
adrenergic agonist, a parasympathomimetic agent, a carbonic anhydrase inhibitor, and 
25 a prostaglandin or a prostaglandin derivative. 

Another embodiment is the method described above wherein the P- 
adrenergic blocking agent is timolol, levobunolol, carteolol, optipranolol, 
metapranolol or betaxolol; the parasympathomimetic agent is pilocarpine, carbachol, 
or phospholine iodide; adrenergic agonist is iopidine, brimonidine, epinephrine, or 
30 dipivephrin, the carbonic anhydrase inhibitor is dorzolamide, acetazolamide, 

metazolamide or brinzolamide; the prostaglandin is latanoprost or rescula, and the 
prostaglandin derivative is a hypotensive lipid derived fi:om PGF2a prostaglandins. 

A further embodiment is illustrated by a method for increasing retinal 
and optic nerve head blood velocity or increasing retinal and optic nerve oxygen 
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tension which comprises administering to a patient in need of such treatment a 
therapeutically effective amount of a compound of Table 1 above. 

And another embodiment is the method described above wherein the 
compomid of Table 1 is applied as a topical formulation. 

5 Still another embodiment comprises administering a second active 

ingredient, concurrently or consecutively, wherein the second active ingredient is an 
ocular hypotensive agent selected from a p-adrenergic blocking agent, adrenergic 
agonist, a parasympathomimetic agent, a carbonic anhydrase inhibitor, and a 
prostaglandin or a prostaglandin derivative. 

10 Another embodiment is the method described above wherein the p- 

adrenergic blocking agent is timolol, levobunolol, carteolol, optipranolol, 
metapranolol or betaxolol; the parasympathomimetic agent is pilocarpine, carbachol, 
or phospholine iodide; adrenergic agonist is iopidine, brimonidine, epinephrine, or 
dipivephrin, the carbonic anhydrase inhibitor is dorzolamide, acetazolanoide, 

15 metazolamide or brinzolamide; the prostaglandin is latanoprost or rescula, and the 
prostaglandin derivative is a hypotensive lipid derived from PGF2a prostaglandins. 

Another embodiment of the invention is a method for providing a 
neuroprotective effect to a mammalian eye which comprises administering to a patient 
in need of such treatment a therapeutically effective amount of a compound of Table 1 

20 above. 

Also within the scope of the invention is the method described above 
wherein the compound of Table 1 is applied as a topical formulation. 

Still another embodiment comprises administering a second active 
ingtedient, concurrently or consecutively, wherein the second active ingredient is an 
25 ocular hypotensive agent selected from a P-adrenergic blocking agent, adrenergic 
agonist, a parasympathomimetic agent, a carbonic anhydrase inhibitor, and a 
prostaglandin or a prostaglandin derivative. 

Another embodiment is the method described above wherein the p- 
adrenergic blocking agent is timolol, levobunolol, carteolol, optipranolol, 
30 metapranolol or betaxolol; the parasympathomimetic agent is pilocarpine, carbachol, 
or phospholine iodide; adrenergic agonist is iopidine, brimonidine, epinephrine, or 
dipivephrin, the carbonic anhydrase inhibitor is dorzolamide, acetazolamide, 
metazolamide or brinzolamide; the prostaglandin is latanoprost or rescula, and the 
prostaglandin derivative is a hypotensive lipid derived from PGF2a prostaglandins. 
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Also contemplated to be within the scope of the present invention is a 
topical formulation of a compound in Table 1 as described above wherein the topical 
f onnulation also contains xanthan gum or gellan gum. 
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The invention is described herein in detail using the terms defined 
below unless otherwise specified. 

Also included within the scope of this invention are pharmaceutically 
5 acceptable salts or esters, where a basic or acidic group is present in a compound of 
Table 1. 

This invention is also concerned with a method of treating ocular 
hypertension or glaucoma by administering to a patient in need thereof one of the 
compounds of Table 1 in combination with an ocular hypotensive agent selected from 

10 a p-adrenergic blocking agent such as timolol, optipranolol, levobunolol, 

metapranolol, carteolol, betaxalol and the Uke, a parasympathomimetic agent such as 
pilocarpine, caibachol, phospholine iodide, and the like, adrenergic agonist such as 
iopidine, brimodine, epinephrine, dipivephrin, and the like, carbonic anhydrase 
inhibitor such as dorzolamide, acetazolamide, metazolamide or brinzolamide, a 

15 prostaglandin such as latanoprost, rescula, S1033 or a prostaglandin derivative such as 
a hypotensive lipid derived from PGF2a prostaglandins. An example of a 
hypotensive lipid (the carboxylic acid group on the a-chain link of the basic 
prostaglandin structure is replaced with electrochemically neutral substituents) is that 
in which the carboxylic acid group is replaced with a Ci^ alkoxy group such as OCH3 

20 (PGF2a I-OCH3), or a hydroxy group (PGF2a 1-OH). 

Preferred potassium channel blockers are calcium activated 
potassium channel blockers. More preferred potassium channel blockers are high 
conductance, calcium activated potassium (maxi-K) channel blockers. Maxi-K 
channels are a family of ion channels that are prevalent in neuronal, smooth 

25 muscle and epithelial tissues and which are gated by membrane potential and 
intracellular Ca2+. 

Intraocular pressure (lOP) is controlled by aqueous humor dynamics. 
Aqueous humor is produced at the level of the non-pigmented ciliary epithelium and 
is cleared primarily via outflow through the trabecular meshwork. Aqueous humor 

30 inflow is controlled by ion transport processes. It is thought that maxi-K channels in 
non-pigmented ciliary epithelial cells indirectly control chloride secretion by two 
mechanisms; these channels maintain a hyperpolarized membrane potential (interior 
negative) which provides a driving force for chloride efflux from the cell, and they 
also provide a counter ion (K+) for chloride ion movement. Water moves passively 

35 with KCl allowing production of aqueous humor. Inhibition of maxi-K chaimels in 
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this tissue would diminish inflow. Maxi-K channels have also been shown to control 
the contractility of catain smooth muscle tissues, and, in some cases, channel 
blockers can contract quiescent muscle, or increase the myogenic activity of 
spontaneously active tissue. Contraction of dliaiy muscle would open the trabecular 
5 meshwork and stimulate aqueous humor outflow, as occurs with pilocarpine. 

Therefore maxi-K channels could profoundly influence aqueous humor dynamics in 
several ways; blocking this channel would decrease lOP by affecting inflow or 
outflow processes or by a combination of aflFecting both inflow/outflow processes. 

The present invention is based upon the finding that maxi-K channels, 
10 if blocked, inhibit aqueous humor production by inhibiting net solute and H2O efflux 

and therefore lower lOP, This finding suggests that maxi-K channel blockers are 
useful for treating other ophthamological dysfunctioiis such as macular edema and 
macular degeneration. It is known that lowering of lOP promotes increased blood 
flow to the retina and optic nerve. Accordingly, this invention relates to a method for 

IS treating macular edema, macular degeneration or a combination thereof. 

Additionally, macular edema is swelling within the retina within the . 
critically important central visual zone at the posterior pole of the eye. An 
accumulation of fluid within the retina tends to detach ±e neural elements from one 
another and from their local blood supply, creating a dormancy of visual function in 

20 the area. 

Glaucoma is characterized by progressive atrophy of the optic nerve 
and is frequently associated with elevated intraocular pressure (lOP). It is possible to 
treat glaucoma, however, without necessarily affecting lOP by using drugs that impart 
a neuroprotective effect. See Arch. OphthahnoL Vol. 1 12, Jan 1994, pp. 37-44; 

25 Bivestigative Ophthamol. & Visual Science, 32, 5, April 1991, pp. 1593-99. It is 
believed that maxi-K channel blockers which lower lOP are useful for providing a 
neuroprotective effect. They are also believed to be effective for increasing retinal 
and optic nerve head blood velocity and increasing retinal and optic nerve oxygen by 
lowering lOP, which when coupled together benefits optic nerve health. As a result, 

30 this invention further relates to a method for increasing retinal and optic nerve head 
blood velocity, increasing retinal and optic nerve oxygen tension as well as providing 
a neuroprotective effect or a combination thereof. 

The maxi-K chaimel blockers used are preferably administered in the 
form of ophthalmic pharmaceutical compositions adapted for topical administration to 

35 the eye such as solutions, ointments, creams or as a solid insert Formulations of this 

-21.- 
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compound may contain from 0.01 to 5% and especiaUy 0.5 to 2% of medicament. 
Higher dosages as, for example, about 10% or lower dosages can be employed 
provided the dose is effective in reducing intraocular pressure, treating glaucoma, 
increasing blood flow velocity or oxygen tension or providing a neuroprotective 

5 effect. For a single dose, from between 0.001 to 5.0 mg, preferably 0.005 to 2,0 mg, 
and especially 0.005 to 1.0 mg of the compound can be applied to the human eye. 

The pharmaceutical preparation which contains the compound may be 
conveniently admixed with a non-toxic pharmaceutical organic carrier, or with a non- 
toxic pharmaceutical inorganic carrier. Typical of pharmaceutically acceptable 

10 carriers are, for example, water, mixtures of water and water-miscible solvents such as 
lower alkanols or aralkanols, vegetable oils, polyalkylene glycols, petroleum based 
jelly, ethyl cellulose, ethyl oleate, caiboxymethyl-cellulose, polyvinylpyrrolidone, 
isopropyl myristate and other conventionally employed acceptable carriers. The 
pharmaceutical preparation may also contain non-toxic auxiliary substances such as 

15 emulsifying, preserving, wetting agents, bodying agents and the like, as for example, 
polyethylene glycols 200, 300, 400 and 600, carbowaxes 1,000, 1,500, 4.000, 6,000 
and 10,000, antibacterial components such as quaternary ammonium compounds, 
phenylmercuric salts known to have cold sterilizing properties and which are non- 
injurious in use, thimerosal, methyl and propyl paraben, benzyl alcohol, phenyl 

20 ethanol, buffering ingredients such as sodium borate, sodium acetates, gluconate 
buffers, and other conventional ingredients such as sorbitan monolaurate, 
ttiethanolamine, oleate, polyoxyethylene sorbitan monopalmitylate, dioctyl sodium 
sulfosuccinate, monothioglycerol, thiosoibitol, ethylenediamine tetracetic acid, and 
the like. Additionally, suitable ophthalmic vehicles can be used as carrier media for 

25 the present purpose including conventional phosphate buffer vehicle systems, isotonic 
boric acid vehicles, isotonic sodium chloride vehicles, isotonic sodium borate vehicles 
and the like. The pharmaceutical preparation may also be in the form of a 
microparticle formulation. The pharmaceutical preparation may also be in the form of 
a solid insert. For example, one may use a solid water soluble polymer as the carrier 

30 for the medicament. The polymer used to form the insert may be any water soluble 
non-toxic polymer, for example, cellulose derivatives such as methylcellulose, sodium 
carboxymethyl cellulose, (hydroxyloweralkyl cellulose), hydroxyethyl cellulose, 
hydroxypropyl cellulose, hydroxypropylmethyl cellulose; acrylates such as polyacrylic 
acid salts, ethylacrylates, polyactylamides; natural products such as gelatin, alginates, 

35 pectins, tragacanth, karaya, chondrus, agar, acacia; the starch derivatives such as 

-22- 
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Starch acetate, hydroxymethyl starch ethers, hydioxypropyl starch, as well as other 
synthetic derivatives such as polyvinyl alcohol, polyvinyl pyrrolidone, polyvinyl 
methyl ether, polyethylene oxide, neutralized carbopol and xanthan gum, gellan gum, 
and mixtures of said polymer. 
5 Suitable subjects for Ae administration of the formulation of the 

present invention include primates, man and other animals, particularly man and 
domesticated animals such as cats and dogs. 

Ibe pharmaceutical preparation may contain non-toxic auxiliary 
substances such as antibacterial components which are non-injurious in use, for 

10 example, thimerosal, benzalkonium chloride, methyl and propyl paraben, 

benzyldodecinium bromide, benzyl alcohol, or phenylethanol; buffimng ingredients 
such as sodium chloride, sodium borate, sodium acetate, sodium citrate, or gluconate 
buffers; and other conventional ingredients such as sorbitan monolaurate, 
triethanolamine, polyoxyethylene sorbitan monopalmitylate, ethylenediamine 

IS tetraacetic acid, and the like. 

The ophthalmic solution or suspension may be administered as often as 
necessary to maintain an acceptable lOP level in the eye. It is contemplated that 
administration to the mammalian eye will be about once or twice daily. 

For topical ocular administration the novel formulations of this 

20 invention may take the form of solutions, gels, ointments, suspensions or solid inserts, 
formulated so that a unit dosage comprises a therapeutically effective amount of the 
active component or some multiple thereof in the case of a combination therapy. 

The maxi-K channel blocker of the compounds of Table 1 are known 
and are commercially available or can be prepared as described in references 1-32 

25 cited in Schedules A and B below and which are incorporated herein by reference in 
theu: entirety. 

Schedule A 

1. B. J. Wilson, Science, 1964, 144, 177 

2. M.R. TePaske, /. Nat Prod., 1992, 55, 1080 
30 3. K. Nozawa, Chein Comm,, 1987, 1 157 

4. K. Nozawa, /.C5. Perfdn /, 1988, 1689 and 2155 

5. K, Kawai, J.CS. Perkin /, 1994, 1673 

6. J. B. Gloer, /. Org Chem, 1989, 54, 2530 

7. K. Nozawa, /. C.S. Perkin /, 1988, 2607 
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8. a) M. Yamazald, Otem Pharm Bull, 1980, 28, 245 ; b) M. Uramoto, Heterocycles, 
1982, 17. 349 ; c) J. B. Day. J. Gen Microbiol., 1980, 117. 405 

9. AJB. De Jesus, J.C.S. Perldn 1, 1984, 697 

10. S. C. Mundayfinch. / Agric. Food Chem, 1997, 45, 199 and 204 
5 11. S. C. Mundayfinch, J. Agric. Food Chem, 1998, 46, 590 

12. a) CO. Miles, J. Agric. Food Chem, 1994, 42, 1488 ; b) S. C. Mundayfinch, J. 
Agric. Food Chem, 1995, 43, 1283 c) S. C. Mundayfinch, /. Agric. Food Cliem, 1996, 
44, 2782 ; d) R.T. Gallagher, Chem Comm., 1984, 614 

13. a) T. Fehr, Helv ChimActa, 1966. 49. 1907 ; b) R. J. Cole, J. Agric Food Chem, 
10 1977, 25, 826 ; c) R. J. Cole, /. Agric Food Chem, 1977, 25, 1197 ; c) R. J. Cole, /. 

Agric Food Chem, 1981, 29, 293 d) K. Nozawa, Chem Pharm Bull, 1989, 37, 626 

14. T. Fehr, Helv ChimActa, 1966, 49, 1907 

15. S.C. Mundayfinch, Phytochemistry, 1996, 41, 327 

16. R. J. Cole, /. Agric Food Chem, 1977, 25, 826 and 1197 
15 17. R.J. Cole, Can J. Microbiol, 1974, 20, 1 159 

18. K. Nozawa, J.C.S. PerUn 1, 1988, 2607 

19. K. Nozawa, Chem PJmrm Butt, 1989, 37, 1387 

20. P. G. Mantle, Phytochemistry, 1994, 36, 1209 

21. T. Hosoe, Chem Pfiarm Bull, 1990, 38, 3473 
20 22. G. N. Belofsky, Tetrahedron, 1995, 51, 3959 

23. a) B. J. Wilson, Nature, 1968, 220, 77 ; b) A.B. De Jesus, J.C.S. Perkin 1, 1983, 
1847, 1857 and 1863 

24. J. A. Laakso, 7. Agric. Food Chem, 1993, 41, 973 

25. H. Hayashi, Chem Express, 1993, 8, 233 

25 26. A.E. De Jesus, J.C.S. Perkin 1, 1983, 1847 and 1857 

27. T. Yamaguchi, Pltytochemistry, 1993, 32, 1177 
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Schedule B 



reference 


compound 


source 


1 


Aflatrsm 


Asoeraillus Hbvus 

i^^f^^i ^mu^ imirutj 


2 


Aflatrsm, beta 


Asoeraillus flovus 


3 


Emindole DA 


Bwence/te striata 


4 


Emindole DA, 5 epimer 


EtnericellB striata 


5 


Emindole PA 


EmericGlla ournur^a 


6 


Emindole DB 


EnriGricella ourouraa 


7 


Emindole SB 


Emericella purpurea 


8 


Fumitremoraen A 


AsDerni!lij<: fi iminafi 


9 


Janthitrem B 


Penicillium janthinellum 


g 


Janthitrpm C 

liCLI III 111! ^1 1 1 \J 


1 K^i in^iinui 1 1 jcii III III iGinji 1 1 


9 


Janthitrem E 


Penicillium janthinellum 


q 


vidi III iiiic^ni 1 


rtjiuUniiuni jcinuiin&iium 


g 


Janthitrem G 


Penicillium janthinellum 


lU 


E-Oiiiiine 


ryegrass inTectea wiin 
Neotyphodium lolii 


1 i 

1 1 


LOiiinoi 


ryegrass intecteu wnn 
Neotyphodium lolii 


i 1 

1 1 


Loiicine M 


ryegrass inTectec] witn 
Neotyphodium lolii 


1 1 


LOiiuine p 


ryegrass inieciea wnn 
Neotyphodium lolii 




Luiurem m 


ryegrass inTecTea witn 
Neotyphodium lolii 


12 


1 olitrpm R 


lycyicioa iiiic^uicu wiLii 

Neotyphodium lolii 


12 


Lolitrem C 


ryegrass infected with 
Neotyphodium lolii 


12 


Lolitrem E 


ryegrass infected with 

Neotyphodium lolii 


12 


Lolitrem F 


ryegrass infected with 
Neotyphodium lolii 
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32 


Lolitrem H 


ryegrass inTeciea wiin 

fs\eynf\tr\binf\\iirt\ /n/i7 
i\iuuiyiJf lUuiuiii iUiu 


1 1 


Loiiirem im 


rycyiaoo iiiiuulou wiui 


1 1 


LOiiiiGm i\| o 1 epiiTier 


n#onr£icQ infoptoH with 
lyoyictoo 11 iicuicu WIUI 

NGnh/nhodium lolii 


O 


iNUlTlinina 


A^nf^rnillus nnmius 


JO 


rclS pal lull 1C7 


ClavicBDS dbsdbH 


•iA 


DocnollnA 
r^aopalinc; 


Clsviceos D3SDBli 


1 D 


r aopallllc^ D 


Penicillium DBxilli 


13 


Paspalinine 


Aspergillus flavus 


1 b 


naspanirem m 




I b 


naspaiiirern d 




13 


Paspalitrem C 


Clavlceps paspati 


17 


raxiiiinG 


dil&ilLfdia oiiicua 


20 


r axiiiino, 1 4-aipna-nyuroxy 


Piominillii im villi 


20 


raxiiiine, i4-aipna-nyaroxy, 

4D-QGOXy 


Pck n i/^illii J m nsi'viili 
iUtUUlUiUIII fJaAlUI 


ly 


Kaxiiiine, i-aceiyi 


Lml 1 Id ll^GllCl Oil ICllCl 


2l 


r^axiiiine, oDBia-aiconui, 

o-ac0iyi 




18 


Paxilline, 4b-deoxy 


Emericella striata 


2l 


D 4 villi n A ^W— Hd^v%/ Q-o/^aH/I 


Pf^ninlllhiin nsyilli 




DawiIISma 0_m^an\/l 

naxiiiine, y-prenyi 


Funf^ninilliutn shsarii 


oo 


neniirem m 


P^ninilUum nrustosum 


23 


Penitrem F 

■ 91 II «^l 111 


Penicillium crustosum 


23 


Penltrem B 


Penicillium cmstosum 


24 


Penitrem A, 6-dechloro, 15- 
deoxv, 10-oxo, 11.33-dihydro 


Aspergillus sulphureus 


26 


Penitrem C 


Penicillium cmstosum 


26 


Penitrem D 


Penicillium crustosum 


23 


Penitrem E 


Penicillium cmstosum 
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25 


Penitrem E, 6-bromo 


Penicillium simplicissimum 


27 


PC-M4 


Penicillium crustosum 


27 


PC-M5 


Penicillium crustosum 


28 


Pennitigrem 


Penicillium nigricans 


29 


Secopenitrem B 


Aspergillus sulphureus 


22 


Shearinine A 


Eupenicillium shearii 


22 


Shearinine B 


Eupenicillium shearii 


22 


Shearinine B, isomer 


Eupenicillium shearii 


22 


Shearinine C 


Eupenicillium shearii 


22 


Shearinine C, I'-deoxy, 1',2' 
-didehydro, 3-beta alcohol 


Penicillium sp. 


29 


Sulpinine B 


Aspergillus sulphureus 


29 


Suipinine A 


Aspergillus sulphureus 


31 


Terpendole A 


Albophoma 
yamanashiensis 


31 


Terpendole B 


Albophoma 
yamanashiensis 


31 


Terpendole C 


Albophoma 
yamanashiensis 


31 


Terpendole D 


Albophoma 
yamanashiensis 


30 


Terpendole E 


Albophoma 
yamanashiensis 


30 


Terpendole F 


Albophoma 
yamanashiensis 


30 


Terpendole G 


Albophoma 
yamanashiensis 


30 


Terpendole H 


Albophoma 
yamanashiensis 


30 


Terpendole 1 


Albophoma 
yamanashiensis 



30 



Terpendole J 
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ystniQnQsniensis 


30 


Terpendole K 


AtDopnomB 
vBHiBnBshiQnsis 

y bCI t ffcftf f bftk^fl lfl%#f tw»*^ 


30 


Terpendole L 


Albophoma 
vamanashiensis 


32 


Terpendole M 


ryegrass infected with 
Neotyphodium lolii 


8 


Verruculogen 


Aspergillus fumigatus 


8 


Verruculoqen, 8-beta acetoxv 


Penicillium verruculosum 



The following examples are used to exemplify the invention, but 
should not be construed so as to limit the scope of the invention. 



5 EXAMPLE 1 

Electrophysiological assays of compound effects on high-conductance calcium- 
activated potassium chaimels 

Methods: 

10 Patch clamp recordings of currents flowing through high-conductance 

calcium-activated potassium (Maxi-K) channels were made from membrane patches 
excised from CHO cells constitutively expressing the o-subunit of the Maxi-K 
channel or HEK293 cells constitutively expressing both a- and pi-subunits using 
conventional techniques (Hamill et al., 1981. Pfltlgers Archiv. 391, 85-100) at room 

15 temperature. Glass capillary tubing (Gamer #7052) was pulled in two stages to yield 
micropipettes with tip diameters of approximately 1-2 microns. Pipettes were 
typically filled with solutions containing (mM): 150 KCl, 10 Hepes (4-(2- 
hydroxyethyl)-l-piperazine methanesulfonic acid), 1 Mg, 0.01 Ca, and adjusted to pH 
7.20 with 3.7 mM KOH. After forming a high resistance (>109 ohms) seal between 

20 the plasma membrane and the pipette, the pipette was withdrawn from the cell, 
forming an excised inside-out membrane patch. The patch was excised into a bath 
solution containing (mM): 150 KCl, 10 Hepes, 5 EGTA (ethylene glycol bis(B- 
aminoethyl ether)-N,N,]>r,N'-tetraacetic acid), sufficient Ca to yield a free Ca 
concentration of 1-5 |iM, and the pH was adjusted to 7.2 with KOH. For example, 

25 4. 193 mM Ca was added to give a free concentration of 1 ^M at 22 ®C. An EPC9 
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amplifier (HEKA Elektronic, Lambxect, Gennany) was used to control the voltage and 
to measure the cunents flowing across the mmibrane patch. The input to the 
headstage was connected to die pipette solution with a Ag/AgCl wire, and the 
amplifier ground was connected to the bath solution with a Ag/AgCl wire covered 
5 with a tube filled with agar dissolved in 0.2 M KCl. The identity of Maxi-K currents 
was confirmed by the sensitivity of channel open probability to membrane potential 
and intracellular calcium concentration. 

Data acquisition was controlled by PULSE software (HEKA 
Elektronic) and stored on the hard drive of a Macintosh computer (Apple Computers) 
10 for later analysis using PULSEFTT (HEKA Elektronic) and Igor (Wavemetiics, 
Oswego, OR) software. 

Results: 

The effects of the compounds of the present invention on Maxi-K 
1 5 channels were examined in excised inside-out membrane patches. The membrane 
potential was held at -80 mV and brief voltage steps to positive membrane potentials 
(typically +50 mV) were applied once per 15 seconds to transientiy open Maxi-K 
channels. The fraction of channels blocked in each experiment was calculated firom 
the reduction in peak current caused by application of the specified compound to the 
20 internal side of the membrane patch. As a positive control in each experiment, Maxi- 
K currents were eliminated at pulse potentials after the patch was transientiy exposed 
to a low concentration of calcium (<10 nM) made by adding 1 mM EGTA to the 
standard bath solution with no added caldimi. The activity for blocking Maxi-K 
channel curcCTts by the compounds of Table 1 is 100 nM or less. 

25 

EXAMPLE2 

The activity of the compound can also be quantified by the following 

assay. 

30 The identification of inhibitors of the Maxi-K channel is based on the 

ability of expressed Maxi-K channels to set cellular restmg potential after transfection 
of both alpha and betal subunits of the channel in HEK-293 cells and after being 
incubated with potassium channel blockers that selectively eliminate the endogenous 
potassium conductances of HEK-293 cells. In the absence of Maxi-K chaimel 

35 inhibitors, the transfected HHK-293 cells display a hyperpolarized membrane 
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potential, negative inside, close to Er (-80 mV) which is a consequence of the activity 
of Maxi-K channels. Blockade of the Maxi-K channel by incubation with Maxi-K 
channel blockers will cause cell depolarization. Changes in membrane potential can 
be detennined with voltage-sensitive fluorescence resonance energy transfer (FRET) 
5 dye pairs that use two components, a donor coumarin (CC2DMPE) and an acceptor 
oxanol (DiSBAC2(3)). 

Oxanol is a lipophilic anion and distributes across the membrane 
according to membrane potential. Under normal conditions, when the inside of the 
cell is negative with respect to the outside, oxanol is accumulated at the outer leaflet 

10 of the membrane and excitation of coumarin will cause FRET to occur. Conditions 
that lead to membrane depolarization will cause the oxanol to redistribute to the inside 
of the cell, and, as a consequence, a decrease in FRET. Thus, the ratio change 
(donoi/acceptor) increases after membrane depolarization, which determines if a test 
compound actively blocks the maxi-K channel. 

15 The HEK-293 cells were obtained from American Type Culture 

Collection , 12301 Parklawn Drive, Rockville, Maryland, 20852 under accession 
number ATCC CRI^1573. Any restrictions relating to public access to the cell line 
shall be irrevocably removed upon patent issuance. 

Transfection of the alpha and betal subunits of the maxi-K channel in HEK- 

20 293 cells was carried out as follows: HEK-293 cells were plated in 100 mm tissue 
culture treated dishes at a density of 3x10^ cells per dish, and a total of five dishes 
were prepared. Cells were grown in a mediimi consisting of Dulbecco's Modified 
Eagle Medium (DMEM) supplemented with 10% Fetal Bovine serum, IX Lr 
Glutamine, and IX Penicillin/Streptomycin, at 37**C, 10% CO2. For transfection with 

25 Maxi-K ha(pCIneo) and Maxi-K hpi(pIRESpuro) DNAs, 150 fiJ FuGENE6™ was 
added drop-wise into 10 ml of serum firce/phenol-red free DMEM and allowed to 
incubate at room temperature for 5 minutes. Then, the FuGENE6™ solution was 
added drop-wise to a DNA solution containing 25 \ig of each plasmid DNA, and 
incubated at room temperature for 30 minutes. After the incubation period, 2 ml of 

30 the FuGENE6'™/DNA solution was added drop-wise to each plate of cells and the 
cells were allowed to grow two days under the same conditions as described above. 
At the end of the second day, cells were put under selection media that consisted of 
DMEM supplemented with both 600 (ig/ml G418 and 0.75 |Jig/ml puromycin. Cells 
were grown until separate colonies were formed. Five colonies were collected and 

35 transferred to a 6 well tissue culture treated dish. A total of 75 colonies were 
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collected. Cells were allowed to grow until a confluent monolayer was obtained. 
Cells weie then tested for the presence of Maxi-K channel alpha and betal subunits 
using an assay that monitors binding of ^^I-iberiotoxin-D19YAr36F to the channel. 
Cells expressing ^^I-iberiotoxin-D19Y/Y36F binding activity were thra evaluated in 
5 a functional assay that monitors the capability of Maxi-K channels to control the 
membrane potential of transfected HEK-293 cells using fluorescence resonance 
energy transfer (FEffiT) Aurora Biosciences technology with a VIPR instrument. The 
colony giving the largest signal to noise ratio was subjected to limiting dilution. For - 
tius, cells were resuspended at approximately 5 cells/ml, and 200 jxl were plated in 

10 individual wells in a 96 well tissue culture treated plate, to add ca. one cell per well. 
A total of two 96 well plates were made. When a confluent monolayer was formed, 
the cells were transferred to 6 well tissue culture treated plates. A total of 62 wells 
were transferred. When a confluent monolayer was obtained, cells were tested using 
the FRET-functional assay, Transfected cells giving the best signal to noise ratio 

IS were identified and used in subsequent functional assays. 
For functional assays : 

The transfected cells (2E+06 Cells/mL) are tiien plated on 96-weU poly-D- 
lysine plates at a density of about 100,000 cells/well and incubated for about 16 to 
about 24 hours. The medium is aspirated of the cells and the cells washed one time 

20 with 100 of Dulbecco's phosphate buffered saline (D-PBS). One hundred 

microliters of about 9 |JiM coumarin (CC2DMPE)-0.02% pluronic-127 in D-PBS per 
well is added and the wells are incubated in the dark for about 30 minutes. The cells 
are washed two times with 100 \il of Dulbecco's phosphate-buffered saline and 100 (Jtl 
of about 4.5 fiM of oxanol (DiSBAC2(3)) in (mM) 140 NaCl, 0.1 KCl, 2 Caa2, 1 

25 MgCl2, 20 Hepes-NaOH, pH 7.4, 10 glucose is added. Three micromolar of an 

inhibitor of endogenous potassium conductance of HEK-293 cells is added. A maxi- 
K channel blocker is added (about 0.01 micromolar to about 10 micromolar) and the 
cells are incubated at room ten^yerature in the dark for about 30 minutes. 

The plates are loaded into a voltage/ion probe reader (VIPR) 

30 instrument, and the fluorescence emission of both CC2DMPE and DiSB AC2(3) are 
recorded for 10 sec. At this point, 100 |Lil of high-potassium solution (raM): 140 KCl, 
2 CaCl2, 1 MgCb, 20 Hepes-KOH, pH 7.4, 10 glucose are added and the fluorescence 
emission of both dyes recorded for an additional 10 sec. The ratio 
CC2DMPE/DiSBAC2(3), before addition of high-potassium solution equals 1. Li the 

35 absence of maxi-K channel inhibitor, the ratio after addition of high-potassium 
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solution varies between 1.65-2.0. When the maxi-K channel has been completely 
inhibited by either a known standard or test compound, this ratio remains at 1. It is 
possible, therefore, to titrate the activity of a maxi-K channel inhibitor by monitoring 
the concentration-dependent change in the fluorescence ratio. The activity for 
5 blocking maxi-K channels by compounds of Table 1 is 1 jiM or less. 

EXAMPLE3 
Intraocular pressure (lOP) Measurements in Rabbits - 

Normotensive Dutch Belted rabbits (2.3 kg) of either sex are 

10 maintained on a 12-hour light/dark cycle during these experiments. Intraocular 

pressure (lOP) is measured using a calibrated pneumatonometer (Alcon Applanation 
Pneumatonograph), and results are expressed in millimet^ of mercury (mmHg). 
Before tonometry, one drop of 0.05% proparacaine is applied to the corneas to 
minimize any discomfort to the animal. Two base-line (control) readings are taken at 

15 (-0.5 and 0 hr.) after which Compounds of Table 1 are administered topically 

(unilaterally applied into the conjunctival sac) in a 25^1 volume with the contralateral 
(fellow) eye receiving an equal volume of vehicle. A masked design is utilized, where 
the person involved in drug administration and measurement of lOP have no 
knowledge of the solutions' contents. Subsequently, lOP measurements are taken at 

20 0.5, 1, 2, 3, 4, 5 and 6 hr after topical applications of drug. At the end of each day's 
measurements, stabiUty of the tonometer was determined using the calibrator/verifier. 
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WHAT IS CLAIMED IS: 



1 . A method for treating ocular hypertension or glaucoma which 
comprises administering to a patient in need of such treatment a therapeutically 
5 effective amount of a compound of Table 1 : 
Table 1 
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PC-M4 PC-M5 
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Lolitrem N, 31-epimer 
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Paspalitrem B Paspalitrem C 
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H 




Shearinine C, V-deoxy. 1'.2'-didehydRo,3-beta alcohol 
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paxilline, 3-acetyl 

4l>deoxypaxilline 




9-prenylpaxilline 

4b-cleoxypaxiIline, 3-acetyI 

or a phannaceutically acceptable salt, enantiomer, diastereomer, tautomer or mixture 
thereof. 
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2. The method according to Claim 1 wherein the compound of 
formula I is applied as a topical formulation. 

3. The method according to claim 3 wherein the topical 
S formulation is a solution or suspension. 

4. The method of Claim 3, which comprises administering a 
second active ingredient, concurrently or consecutively, wherein the second active 
ingredient is a hypotensive agent selected from a P-adrenergic blocking agent, 

10 adrenergic agonist, a parasympathomimetic agent, a carbonic anhydrase inhibitor, EP4 
agonist and a prostaglandin or a prostaglandin derivative. 

5. The method according to claim 4 wherein the P-adrenergic 
blocking agent is timolol, levobunolol, carteolol, optipranolol, metapranolol or 

1 5 betaxolol; the parasympathomimetic agent is pilocarpine, carbachol, or phospholine 
iodide; adrenergic agonist is iopidine, brimonidine, epinephrine, or dipivephrin, the 
carbonic anhydrase inhibitor is dorzolamide, acetazolanodde, metazolamide or 
brinzolamide; the prostaglandin is latanoprost or rescula, and the prostaglandin 
derivative is a hypotensive lipid derived from PGF2a prostaglandins. 

20 

6. A method according to claim 2 in which the topical formulation 
contains xanthan gum or gellan gum. 

7. A method for treating macular edema, macular degenemtion, 
25 for providing a neuroprotective effect, increasing retinal and optic nerve head blood 

velocity or increasing retinal and optic nerve oxygen tension which comprises 
administering to a patient in need of such treatment a pharmaceutically effective 
amount of a compound as recited in claim 1 

30 8. The method according to Claim 7 wherein the compound of 

formula I is applied as a topical formulation in the form of a solution or suspension. 

9. The method of Claim 8, which comprises administering a 
second active ingredient, concurrentiy or consecutively, wherein the second active 
35 ingredient is a hypotensive agent selected from a p-adrenergic blocking agent, 
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adrenergic agonist, a parasympathoniimetic agent, a carbonic anhydrase inhibitor, EP4 
agonist and a prostaglandin or a prostaglandin derivative. 

10. The method according to claim 9 wherein the P-adrenergic 
S blocking agent is timolol, levobunolol, carteolol, opdpranolol, inetapranolol or 

betaxolol; the parasympathomimetic agent is pilocarpine, carbachol, or phospholine 
iodide; adrenergic agonist is iopidine, brimonidine, epinephrine, or dipivephrin, the 
carbonic anhydrase inhibitor is dorzolamide, acetazolamide, metazolamide or 
brinzolamide; the prostaglandin is latanoprost or rescula, and the prostaglandin 
10 derivative is a hypotensive lipid derived from PGF2a prostaglandins. 

11. A method according to claim 8 in which the topical formulation 
contains xanthan gum or gellan gum. 
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